The expression of estrogen receptor (ER) in thymocytes was studied in young, middle-aged, and old (2, 12, and 24 months, respectively) female and male C57BL/6J mice. Western immunoblots prepared from the thymocytes of females of all age groups showed the presence of a 67-kD protein band, which has been associated with the apparent MW of denatured ER. Flow cytometry analysis o,f cells stained with a monoclonal anti-ER antibody (clone 13H2) disclosed ER expression in both females and males of all age groups. In vivo treatment with estradiol (E2) led to an increase in the specific activity of thymic creatine kinase (CK) in the female mice, whereas the male thymocytes responded with an increase in CK activity only on treatment with dihydrotestosterone (DHT). The data show no differences in ER expression between male and females, but the receptor appears not to be functional in males. Interestingly, when estradiol was applied to co-cultures of lymphoid-depleted fetal thymus (FT) explants and bone-marrow cells, or thymocytes, from young and old females, it resulted in increased cellularity of cultures containing cells of the young, and not those of the old. The proportion of CD4/CD8 phenotypes of the developing cells in these cultures was not affected by E2 treatment. These observations provide a new insight into ER expression and function in T-cell development in relation to gender and age.
INTRODUCTION
The idea that gonadal steroids play a role in immunological dimorphism has gained support from various studies (Grossman, 1985 (Grossman, , 1989 Marchetti et al., 1995; Sthoeger et al., 1988;  Besedovsky and del Rey, 1996) . Estrogen binding was shown in human peripheral blood mononuclear cells (Danel et al., 1983; Weusten et al., 1986) and in the thymus (Danel et al., 1983; Gulino et al., 1983 Gulino et al., , 1985 Luster et al., 1984; Marchetti et al., 1984; Weusten et al., 1986) . Expression of ER in the thymus was found mainly in the epithelial cells (Luster et al., 1984; Marchetti et al., 1984) , suggesting the involvement of estrogen function in T-lymphocyte development. In previous studies, using a variety of experimental criteria, we demonstrated that ER is expressed in thymocytes of young adult female mice and rats (Amir-Zaltsman et al., 1993) . Hence, (1) Western blot analysis of thymocytes showed the presence of a 67-kD protein band; (2) Northern blot analysis of poly(A+)-enriched RNA fraction obtained from the thymocytes showed the presence of a transcript of 6.2 kb, corresponding to the size of ER mRNA; (3) immunofluorescence studies using anti-idiotypic antibody clone 1D5 that interacts with ER (Mor et al., 1992) showed staining of the thymocyte nuclei; (4) the mitogen-induced proliferative response was reduced in the presence of estradiol; (5) administration of estradiol to immature female rats caused a significant increase in the thymic ER mRNA and Creatine kinase B (CKb) mRNA (Amir-Zaltsman et al., 1993) .
The function of estrogen in the immune system has been of particular interest, in view of its relevance to pregnancy (Clarke and Kendall 1994) and autoimmunity (Cutolo et al., 1995) . In addition, since generation of T lymphocytes continues throughout the lifespan, a decline in ER expression in the aging thymus may play a role in developmental processes that change with age (Globerson 1994 (Globerson , 1995 . However, there is hardly any information on the status of ER in the aging thymus.
The present study was designed to determine whether the expression and function of ER in thymocytes are age-and gender-specific and to examine its role in lymphoid development in the thymus.
RESULTS

Expression of ER in Thymocytes
The first series of experiments was conducted to examine the expression of ER in thymocytes of female and male mice, as related to age. We used Western immunoblots and flow cytometry methods, as in our previous report (Amir-Zaltzman et al., 1993) .
Western immunoblots prepared from thymocytes of female mice showed the presence of a 67-kD protein band (lane A in Figure l a) , which has been associated with the apparent MW of denatured ER (Greene et al., 1986) . This band was observed in thymocytes of the three age groups (lanes B, C, and D in Figure a) , and was absent when the primary, specific anti-E2 antibody was omitted in the control gel (Figure b ). The specific anti-E2 antibody stained the 32-kD fragment in the thymocytes of all mice in the group (lanes B, C, and D in Figure a) (Table II) . On the other hand, the proportions of CD4/CD8 phenotypes were not affected by E 2 treatment (Table III) (Parker, 1993 (Globerson, 1995 
Western Blot Analysis
Mouse thymocytes (2 10 5 cells/lane), the 32-kD ER fragment purified from porcine uteri (Thole et al., 1991) and the cDNA ER protein expressed in yeast (Greene et al., 1986) were solubilized in buffer containing 0.07 M TrisHC1, pH 6.8, 10% glycerol, 1% SDS, /3-mercaptoethanol, and bromophenol blue by heating at 100C for 5 min, and processed for Western blot analysis as described previously (Amir-Zaltsman et al., 1993).
Antibodies
Mouse monoclonal antibody, clone 13H2, raised against porcine 32-kD hormone-binding estrogen receptor (ER) fragment (Thole et al., 1991; Thole and Jakob, 1993) was prepared as described previously. This antibody was conjugated with FITC for direct staining of thymocytes in flow cytometry, using conditions previously described (Mot et al., 1992) . Hormonal stimulation of CK-specific activity in mouse thymus. Young and old, female and male mice were injected with E2, DTH, or PBS, as described in Materials and Methods. The thymus of each mouse was then assayed for CK-specific activity. Results are expressed as mean S.E.M.; n 5; *P --< 0.05. 
